Introduction {#S0001}
============

Systemic lupus erythematosus (SLE) is a chronic, multi-system, autoimmune disease of unknown etiology with a heterogeneous range of clinical and serological manifestations. It can affect multiple organ systems, and its hallmark is the production of autoantibodies.[@CIT0001]--[@CIT0003] Classification criteria may aid in diagnosis.[@CIT0004]--[@CIT0006] In adults, SLE predominantly affects women of child-bearing age, with a female-to-male ratio of 9:1;[@CIT0007] in pre-pubertal children, this ratio is closer to 4:1.[@CIT0008] SLE more commonly affects non-Caucasian individuals. Up to 20% of SLE patients are diagnosed prior to their 19th birthday (childhood-onset SLE, cSLE); this subset of SLE has a more severe disease course and severe organ involvement.[@CIT0009],[@CIT0010] Specifically, renal, pulmonary, and cardiac involvement appear to be more frequent in cSLE,[@CIT0010],[@CIT0011] and there is a shorter duration between diagnosis and first intensive care admission.[@CIT0009] The uniqueness of disease expression in each patient often results in treatment with multiple immunosuppressive medications. While these medications are meant to improve disease control, patients may also be put at risk for potential severe side effects from broad immunosuppression.[@CIT0012],[@CIT0013] In addition, the course of SLE is often complicated by its unpredictability of disease flares and accrual of organ damage, frequently while patients appear to be optimally treated. This often requires escalation of therapy including increasing doses of corticosteroids that can contribute to subsequent long-term damage.[@CIT0014] Thus, there remains a need for safer and more effective options for the treatment of cSLE.

Targeted immunosuppression may have beneficial therapeutic outcomes in SLE. SLE is a complex autoimmune disorder that involves both the innate and adaptive immune systems, resulting in a dysregulation of the immune response and the production of autoantibodies. B cells (the precursor cells for plasma cells) are activated by T cells and subsequently produce antibodies.[@CIT0015] B cells arise in the bone marrow and go through several stages of maturation and development prior to the production of antibodies. In healthy individuals, B cells play a large role in maintaining a functioning immune system, including the production of protective antibodies. In SLE, a large number of autoreactive B cells that react to self-antigens results in the production of autoantibodies that trigger an overwhelming inflammatory response.[@CIT0016] Additionally, there may be a paucity of or abnormality in regulatory immune cells, further enhancing B cell activation and proliferation.[@CIT0015]

B lymphocyte stimulator (BlyS), also called B cell-activating factor (BAFF), is a growth factor that can bind to three different receptors that are critical for B cell maturation and survival.[@CIT0017],[@CIT0018] In particular, BlyS promotes the survival of autoreactive B cells during negative selection. SLE mouse models have been shown to have elevated levels of BlyS, likely resulting in the increased number of mature B cells and autoantibodies seen in these mice.[@CIT0019] Mice that overproduce BlyS were also found to have defective apoptotic signals, allowing B cells that recognize self-antigens to survive, thus evading negative selection and continuing to produce autoantibodies.[@CIT0019],[@CIT0020]

Patients with SLE have been identified as having higher levels of soluble BlyS when compared to serum from healthy individuals;[@CIT0021] in addition, BlyS levels have been shown to rise during times of active disease.[@CIT0022] Thus, BlyS became an attractive target for therapeutic agents for SLE, leading to the development of belimumab (Benlysta^®^), a fully humanized, monoclonal antibody against BlyS/BAFF. This review provides an overview of the efficacy and safety of belimumab in the phase III trials in adult SLE and the phase II and III trials in cSLE. We discuss the current clinical real-world experience with belimumab use in adult and pediatric SLE to date. We conclude with a discussion of ongoing trials and our recommendations for the use of belimumab in the treatment of cSLE.

Clinical Efficacy of Intravenous Belimumab {#S0002}
==========================================

The intravenous (IV) formulation of belimumab received approval by the Food and Drug Administration (FDA) and European Medicines Evaluation Agency (EMEA) in 2011. Belimumab was the first SLE specific medication to receive FDA approval in over 50 years. In the adult population, belimumab is approved for autoantibody-positive SLE in conjunction with standard of care (SOC) SLE treatment. Belimumab is not approved for use in those with active, severe lupus nephritis (LN) and/or severe, active neuropsychiatric lupus (NPSLE), as the initial trials did not include those patients. Dosing of IV belimumab is 10 mg/kg once every 2 weeks for 3 doses, then 10 mg/kg once every 4 weeks thereafter. Subcutaneous (SC) belimumab received FDA approval for the treatment of adult lupus in 2017. Dosing of SC belimumab is 200 mg once weekly, either via prefilled syringe or autoinjector. In pediatric SLE, IV belimumab was approved by the FDA in 2019 for the treatment of active, seropositive SLE in patients 5 to 17 years old, in conjunction with SOC SLE treatment. At the time of writing, SC belimumab is in phase II testing in cSLE (NCT 04179032)[@CIT0023] and does not yet have FDA approval to treat children with SLE.

The protocol for the phase III clinical trials for belimumab was adjusted based on the data from phase II trials. A novel outcome measure, SLE Responder Index (SRI), was developed after the phase II trials to evaluate clinical efficacy and to be used as a responder index and endpoint in SLE patients with ANA ≥1:80 and/or anti-double-stranded DNA antibodies (anti-dsDNA) ≥30 IU/mL receiving belimumab versus placebo.[@CIT0024] The SRI combines The Safety of Estrogens in Lupus Erythematosus: National Assessment version of the Systemic Lupus Erythematosus Disease Activity Index (SELENA-SLEDAI), the British Isles Lupus Assessment Group (BILAG), and the physician global assessment (PGA), all of which are disease activity or outcome measures. A responder in the SRI is defined as having a reduction of at least 4 points in the SELENA-SLEDAI, no new BILAG A organ domain score, no more than 1 new BILAG B organ domain score, and no worsening in PGA score at week 52.

Two multicenter, randomized, placebo-controlled clinical trials, BLISS-52 and BLISS-76, were conducted to assess the efficacy, safety, and tolerability of belimumab in addition to SOC therapy (e.g., other immunosuppressive medications commonly used to treat SLE) in patients with active SLE ([Table 1](#T0001){ref-type="table"}).[@CIT0025],[@CIT0026] Patients included in the BLISS-52 and BLISS-76 trials had active SLE (≥6 on SELENA-SLEDAI), were ≥18 years old, and met ACR criteria for SLE. Included patients also had positive ANA (titer ≥1:80) or positive anti-dsDNA antibody (≥30 IU/mL) and were on SOC therapy. Patients with active, severe lupus nephritis or active, severe NPSLE were excluded.Table 1Key Belimumab Trials in Adult and Pediatric LupusBLISS-52 (Phase III)[@CIT0025]BLISS-76 (Phase III)[@CIT0026]BLISS SC (Phase III)[@CIT0033]PLUTO (Phase II)[@CIT0035]--[@CIT0037]Age (years)≥18≥18≥185--17Number of patients enrolled86781983693Regions includedLatin America, Asia-Pacific, Eastern EuropeEurope, North/Central AmericaNorth/Central/South America, Eastern/Western Europe, Australia, AsiaNorth/South America, Asia, Eastern/Western EuropeMinimum SLEDAI6686Key exclusion criteriaSevere, active nephritis\
NPSLESevere, active nephritis\
NPSLESevere, active nephritis\
NPSLESevere, active nephritis\
NPSLEPlacebo regimenSOCSOCSOCSOCTreatment regimenBelimumab IV 1 mg/kg once every 4 weeks + SOC or Belimumab IV 10mg/kg once every 4 weeks + SOCBelimumab IV 1 mg/kg once every 4 weeks + SOC or Belimumab IV 10mg/kg once every 4 weeks + SOCBelimumab SC 200 mg weekly + SOCBelimumab IV 10 mg/kg once every 4 weeks + SOCDuration52 weeks76 weeks52 weeks52 weeksPrimary endpointSRI response at week 52SRI response at week 52SRI response at week 52SRI response at week 52Key resultsSignificantly higher SRI response rates in 1 mg/kg (p=0.01) and 10 mg/kg (p=0.0006) cohorts compared to placebo\
Longer sustained response (i.e., longer time to first flare) in treatment cohorts compared to placebo (126 and 119 days, p=0.026, p=0.036 respectively)\
Sustained reduction in corticosteroid dose (if \> 7.5 mg/day at baseline) in 1 mg/kg (p=0.04) and 10 mg/kg (p=0.003) cohorts compared to placeboHigher number of SRI responders at week 52 in 1 mg/kg (p=0.017) and 10 mg/kg (p=NS) cohorts compared to placebo\
Higher proportion of patients in 1 mg/kg and 10 mg/kg cohorts on \> 7.5 mg/day of corticosteroid able to reduce by 25% and to ≤7.5 mg/day compared to placebo (p=NS)Significantly higher number of patients on treatment met SRI response (61.4% vs 48.4%, p=0.0006)\
Longer sustained response (i.e., longer time to severe flare) in treatment cohort (171 days vs 118 days)\
More patients (if on \>7.5 mg/day) were able to reduce corticosteroid dosage if on treatment compared to placebo (p=NS)Higher number of SRI responders in treatment cohort compared to placebo cohort (52.8% vs 43.6%, OR 1.49, 95% CI 0.64--3.46)\
Severe flares 62% less frequent in treatment cohort (HR 0.38, 95% CI 0.18--0.82)[^1]

The primary endpoint of BLISS-52, conducted in Eastern Europe, Asia, and Latin America, was the SRI response rate at week 52.[@CIT0025] In BLISS-52, 867 patients were enrolled and randomized to receive belimumab IV at 1 mg/kg, 10 mg/kg, or placebo, in addition to SOC SLE treatment. The primary disease manifestations of patients in the trial were mucocutaneous and musculoskeletal. Both treatment cohorts (1 mg/kg and 10 mg/kg doses) showed a statistically significant SRI response rate when compared to placebo at week 52: 58% of patients in the 10 mg/kg cohort responded (p=0.0006), 51% of patients in the 1 mg/kg cohort responded (p=0.0129), and 44% of patients in the placebo cohort responded. Secondary endpoints (time to first flare and reduction in prednisone dose) were also met. In the 1 mg/kg and 10 mg/kg cohorts, time to first flare was 126 and 119 days, respectively, compared to 84 days in the placebo cohort (p=0.0026, p=0.0036, respectively). In the 1 mg/kg and 10 mg/kg cohorts, 24% and 28% of patients, respectively, had a sustained reduction in prednisone dose from a baseline of \>7.5 mg/day compared to 15% of placebo patients (p=0.0465, p=0.0032, respectively). Serious adverse events were similar in the treatment and placebo cohorts (see Safety).

BLISS-76 was conducted in North America, Central America, and Europe[@CIT0026] and enrolled 819 patients who were then randomized to receive belimumab IV at 1 mg/kg, 10 mg/kg, or placebo, in addition to SOC treatment. Similarly to BLISS-52, musculoskeletal and mucocutaneous involvement were the most common disease manifestations. The primary endpoint was the SRI response rate at week 52. Only the 10 mg/kg treatment cohort showed a statistically significant SRI response rate at week 52 when compared to placebo (43.2% versus 33.5%, p=0.017). However, there was no statistically significant difference in SRI response rate between cohorts at week 76, a secondary endpoint. The number of patients in the treatment groups that experienced a reduction in daily corticosteroid dose by ≥25% to ≤7.5 mg/day was higher when compared to placebo, although this value was not statistically significant. Of note, *post hoc* analyses using a higher SELENA-SLEDAI threshold showed a significant difference at week 76 in SRI response rates between the 10 mg/kg belimumab and placebo cohorts at all SELENA-SLEDAI reduction thresholds. Adverse events were similar in all three cohorts (see Safety). Additionally, a subgroup analysis identifying predictors of response in patients from the BLISS-52 and −76 trials with high disease activity (low complement/anti-dsDNA antibody positive) observed that there was a statistically significant improvement in SRI at week 52: 41.5% for the belimumab 1 mg/kg cohort, and 51.5% for the belimumab 10 mg/kg cohort, compared to 31.7% of patients on SOC therapy alone (p=0.002, p\<0.001, respectively).[@CIT0027]

Given the limited number of patients of Black race in the BLISS trials, a trial specifically evaluating efficacy and safety of belimumab in Black race patients with SLE (EMBRACE) was completed in 2019.[@CIT0028] The EMBRACE study (NCT 01632241)[@CIT0029] was a randomized, multi-center, double-blind, placebo-controlled trial of 448 patients randomized to receive either monthly belimumab 10 mg/kg IV or placebo, in addition to SOC treatment. Patients self-identified as Black and were included if they had active disease at screening (SELENA-SLEDAI ≥8). Of note, this enrollment SELENA-SLEDAI score is 2 points higher than that of the BLISS trials, perhaps accounting for higher disease activity in Black SLE patients. Similar to the BLISS trials, patients with severe active kidney or neuropsychiatric involvement were excluded. The primary endpoint was the SRI response rate with modified SLEDAI-2K (S2K) scoring for proteinuria at week 52 (SRI-S2K). Only 48.7% of the patients in the belimumab cohort compared to 41.6% of the placebo cohort responded by week 52 (p=NS); thus, the primary endpoint was not reached. However, subgroup analysis of Black patients with high disease activity (SELENA-SLEDAI ≥ 10) in both cohorts did demonstrate significant improvement in the belimumab cohort (52.5% response compared to 40.9% response in placebo cohort, p=0.03). Similarly, subgroup analysis of Black patients with serologically active disease (low complements and/or positive anti-dsDNA antibody levels) showed significant response by week 52 in the belimumab cohort (45.1%) compared to placebo (24%, p=0.007).

Since end-organ involvement, particularly LN, is a frequent manifestation of cSLE, new treatments are necessary to avoid side effects of cytotoxic medications (e.g., cyclophosphamide) currently used in the treatment of LN. Although there are no trials to date evaluating the efficacy of belimumab in cSLE LN, there are two trials in the adult population that are currently underway or recently completed. The rituximab and belimumab for lupus nephritis (CALIBRATE) study (NCT 02260934) is a prospective, randomized, open-label, Phase II trial of induction therapy with rituximab followed by maintenance therapy with belimumab in patients with active LN.[@CIT0030],[@CIT0031] Forty-three patients were randomized to receive either belimumab IV 10 mg/kg plus prednisone or prednisone alone 4 weeks after treatment with IV rituximab, cyclophosphamide, and methylprednisolone. Complete response was defined as urine protein:creatinine ratio \<0.5, eGFR≥120 or, if eGFR\<120, eGFR\>80% of eGFR at the time of screening, and prednisone dose tapered to 10 mg/day. At week 24, the complete response rate was 24% in the belimumab plus prednisone cohort and 23% in the prednisone only cohort. Additionally, belimumab treatment delayed the reconstitution of B cells post-rituximab, although this was not associated with hypogammaglobulinemia or increase in serious infections. Further analysis as time progresses is needed to fully evaluate whether belimumab is a viable treatment option for patients with LN.

The BLISS-LN trial (NCT 01639339)[@CIT0032] is a currently active phase III trial evaluating the safety, efficacy, and tolerability of belimumab plus SOC treatment in adult patients with active LN. Results have not yet been published at the time of writing.

Clinical Efficacy of Subcutaneous Belimumab {#S0003}
===========================================

Since IV medications can be logistically demanding and burdensome for many patients, requiring frequent visits to an infusion center or office, SC administration of belimumab is an appealing option. BLISS-SC was a phase III randomized, double-blinded, placebo-controlled multi-center study conducted to evaluate the safety and efficacy of SC belimumab.[@CIT0033] Although this trial was not meant to measure equivalence to the IV formulation, weekly SC dosing does have a similar pharmacokinetic profile to monthly IV dosing. Inclusion criteria were a diagnosis of SLE defined by ACR criteria, seropositivity prior to enrollment, and a SLEDAI of ≥8, which was a higher threshold than for entry into either BLISS-52 or BLISS-76. As with BLISS-52 and BLISS-76, patients with severe, active LN and/or NPSLE were excluded. BLISS-SC enrolled 836 patients from multiple continents, including North America. Patients were randomized to receive weekly doses of SC belimumab or placebo, plus SOC therapy, for 52 weeks. The study met its primary endpoint with a statistically significant SRI response in those receiving SC belimumab (61.4%) versus placebo (48.4%, p=0.0006). Similar to subgroup analysis of serologically active SLE patients in the BLISS trials, 356 of the 836 patients in BLISS-SC were identified as serologically active and found to have significant improvement on belimumab (64.4%) when compared with placebo (47.2%, p=0.0014).[@CIT0034] Time to severe flare, a secondary endpoint, was also longer in patients receiving SC belimumab when compared to patients receiving placebo (126.5 days versus 90 days). Additionally, more patients in the SC belimumab cohort were observed to reduce their corticosteroid dose when compared to the placebo cohort (p=NS). Patient-reported fatigue was also significantly reduced with SC belimumab treatment (p=0.0324). The safety profile was consistent with the safety profile of IV belimumab (see Safety).

Clinical Efficacy of Intravenous Belimumab in Childhood-Onset SLE {#S0004}
=================================================================

Use of belimumab IV in cSLE patients aged 5 years and older was approved by the FDA in 2019, making it the first FDA-approved drug for cSLE. The Pediatric Lupus Trial of Belimumab Plus Background Standard Therapy (PLUTO) is a Phase II, multicenter, randomized, double-blind trial evaluating the efficacy, safety, and pharmacokinetics of IV belimumab versus placebo plus SOC in cSLE patients aged 5--17 years, in which 93 patients were enrolled (NCT 01649765).[@CIT0035]--[@CIT0037] Active disease (SELENA-SLEDAI ≥6) was part of the inclusion criteria. Patients with active, severe LN or NPSLE were excluded. Subjects were randomized to belimumab 10mg/kg (n=53) or placebo (n=40) IV monthly dosing, in addition to SOC therapy. The primary endpoint was SRI at week 52. Of note, due to the relative rarity of cSLE, much smaller numbers of patients were enrolled than in the adult phase III trials, and PLUTO was not powered for statistical analysis. Preliminary results showed that the 10 mg/kg dose of belimumab used in adult patients may be appropriate for patients with cSLE. Preliminary results also demonstrate that the belimumab cohort had more SRI and PRINTO/ACR responders compared to placebo patients at 52 weeks (52.8% versus 43.6%). Additionally, severe flares were less frequent in belimumab patients compared to placebo, and belimumab patients had longer median time to first severe flare (159.5 days versus 82 days). Sustained parent global assessment response was also higher in the belimumab cohort compared to placebo (68.2% versus 52.8%).

Specific demographics and characteristics of the patients in the PLUTO study, such as disease characteristics, serologies, or number of patients with LN or NPSLE, have not yet been published at the time of writing. Additionally, changes in corticosteroid dose and specific adverse events have not yet been reported. Long-term efficacy results and adverse event monitoring are ongoing.

Subcutaneous belimumab is not currently approved for use in patients under the age of 18 years. At the time of writing, there is an actively recruiting phase II multi-center, open-label, clinical trial based evaluating the safety and pharmacokinetics of belimumab SC in addition to SOC treatment in SLE patients 5--17 years of age (NCT 04179032).[@CIT0023] The administration schedule of SC belimumab is based on body weight. Patients with SELENA-SLEDAI score ≥6 are included, which is lower than the threshold in the adult SC trial, but the same as the threshold for adult and pediatric IV belimumab trials. Patients with active, severe LN or active NPSLE were excluded from the trial. No preliminary results are yet available, as the trial is still under active recruitment at the time of writing.

Use of Belimumab in the Real World: Long-Term Outcomes {#S0005}
======================================================

Since the results of the phase III clinical trials, several large post-marketing observational and retrospective studies have been conducted in adult and pediatric SLE patients. An initial continuation study of the phase II studies evaluated the long-term efficacy and safety of IV belimumab over 7 years.[@CIT0038] There were 298 patients enrolled at the initiation of the continuation study, and 177 patients remained in the study until completion at year 7. Of these, 65% of patients achieved SRI response by Year 7, with an associated 55% decrease in existing corticosteroid doses. The longest observational study to date evaluating the efficacy and safety of IV belimumab was conducted by Wallace et al over the course of 13 years as part of a continuation study of the phase II trial.[@CIT0039] As in the 7-year continuation study, 298 patients were enrolled at initiation of the continuation study, and only 96 patients remained in the study until completion. As participants declined over the years, a higher percentage of patients achieved an SRI response (32.8% at baseline compared to 75.6% at year 12). Over 50% of patients receiving \>7.5 mg/day of prednisone at baseline were able to achieve a dose of ≤7.5 mg/day of prednisone at year 12. Of note, anti-dsDNA and complement levels did not normalize in the large majority of patients over time, with anti-dsDNA antibodies normalizing in only 15.1% of patients, C3 normalizing in 8.0% of patients, and C4 normalizing in 12.1% of patients. However, normalized parameters did remain stable throughout the duration of the study. It is important to note that there was a large percentage of patients who did not remain in the study; this may suggest that patients who responded to belimumab initially may have preferred to discontinue the medication after their symptoms resolved. Moreover, patients who did not have an initial response may have withdrawn, potentially confounding results.

The OBSErve study was an international, multi-center study evaluating the real-world clinical efficacy of IV belimumab in adult SLE patients with refractory disease in the US, Canada, Switzerland, Germany, Argentina, and Spain. The international OBSErve studies assessed outcomes in adult SLE patients on belimumab treatment over the course of 6[@CIT0040]--[@CIT0043] to 18[@CIT0044] months, and the US study evaluated patients for as long as 24 months on treatment.[@CIT0045] The most common reasons to initiate belimumab therapy were musculoskeletal, mucocutaneous, and immunologic involvement. The studies conducted in the US, Switzerland, and Germany included patients with LN and/or NPSLE, though it is not known whether these manifestations were active at the time of initiation of belimumab.[@CIT0041],[@CIT0042],[@CIT0045] In the US study, patients with baseline elevated creatinine or urine protein-creatinine ratios suggestive of active kidney involvement, had significant decline in these values after 24 months of treatment (p\<0.0001 for both). However, those with "very high" 24 hour urine protein collection values at baseline did not have a significant decrease in 24 hour urine protein, suggesting belimumab may not be useful in those with more severe renal involvement. Several countries reported SLEDAI scores that decreased by at least 5 points from baseline at the final follow-up (p value range \<0.0001 to \<0.001).[@CIT0042]--[@CIT0045] Reductions in corticosteroid dose from baseline to end of follow-up were reported in all countries; in particular, in the Spanish cohort, 75% of patients had a decrease in their corticosteroid dose, and in the US cohort, the percentage of patients on \>7.5 mg/day oral corticosteroids at baseline decreased from 67.5% to 18.4%.

We previously reported the use of belimumab in a cohort of 195 patients as part of a prospective, multicenter, observational study across 10 large academic SLE clinical practices.[@CIT0046] Similar to other reports, these patients primarily had musculoskeletal, mucocutaneous, and/or immunologic involvement, as well as an inability to taper corticosteroids at baseline. Clinical improvement in response to belimumab in addition to SOC treatment was detected as early as 3 months after initiation of therapy, and 51% of patients showed a response at 6 months. Clinical improvement was defined as the treating physician's subjective assessment of at least 50% improvement in clinical manifestations.

In the large Italian cohorts reported by Iaccarino et al,[@CIT0047] scores measuring disease activity in joint and skin manifestations were significantly decreased over time. Additionally, anti-dsDNA antibody levels and 24 hour proteinuria significantly decreased with treatment (p\<0.01 for both). In another study cohort of 188 patients reported by Iaccarino and colleagues,[@CIT0048] 77% of patients achieved SRI at 12 months, and 45 of 54 patients (83.7%) remaining on belimumab at 24 months maintained SRI response. Predictors of SRI response at 12 and 24 months were SLEDAI-2K score ≥10 and polyarthritis.

Several smaller observational and retrospective cohort studies have also described the post-marketing use of belimumab in adult SLE.[@CIT0049]--[@CIT0052] Their response rates, improvement in serologic measures, and ability to taper corticosteroids after initiation of belimumab are similar to those in the larger studies described above.

Use of Belimumab in the Real World: Childhood-Onset Lupus {#S0006}
=========================================================

We are the only group to date who has reported on the clinical use of belimumab in cSLE.[@CIT0046] Overall, the indications for treatment as well as response to treatment are similar when compared to the adult studies. We reported a subset of 39 cSLE patients treated with belimumab in addition to SOC; of these, 4 patients were under 18 years of age at the time of drug administration. The mean age at diagnosis was 14 (± 4) years. The most common indications for treatment in these patients were musculoskeletal and mucocutaneous manifestations; the patients under 18 years old were treated for rash, thrombocytopenia, and inability to taper corticosteroids. Clinical response was defined as the treating physician's impression of ≥50% improvement in the initial manifestation(s) being treated and no worsening in other organ systems. Patient outcomes were promising: after 6 months of treatment, a greater proportion of cSLE patients responded clinically to belimumab (65%) as compared to adult SLE patients (45%), although this difference was not statistically significant. A 25% decrease in anti-dsDNA antibody levels was seen within 3 months of starting belimumab. Moreover, corticosteroids were discontinued in 35% of cSLE patients after 6 months of belimumab treatment as compared with 11% of adult-onset SLE patients (p=0.002).[@CIT0046]

Safety of Belimumab {#S0007}
===================

Adverse effects (AE) of belimumab are similar to those of other biologic agents ([Table 2](#T0002){ref-type="table"}). As with any immunosuppressive drug, infection and lack of response appear to be common reasons for discontinuation.[@CIT0025],[@CIT0026],[@CIT0033],[@CIT0034],[@CIT0038],[@CIT0039],[@CIT0043]-[@CIT0046],[@CIT0048]--[@CIT0054] Infections, including upper respiratory tract infections, cellulitis, pneumonia, and urinary tract infections are common AEs reported on belimumab therapy.[@CIT0025]--[@CIT0028],[@CIT0031],[@CIT0033],[@CIT0038]-[@CIT0040],[@CIT0045]--[@CIT0048],[@CIT0051]--[@CIT0057],[@CIT0061] More serious infections including Group A streptococcal bacteremia,[@CIT0046] disseminated cytomegalovirus,[@CIT0026] and viral gastroenteritis[@CIT0051] have also been reported. A rare, but debilitating serious AE (SAE) is progressive multifocal leukoencephalopathy (PML), a serious and potentially fatal neurologic condition that is triggered by JC virus reactivation. To date, there are eight reports of PML after treatment with belimumab.[@CIT0055]--[@CIT0057] All affected patients were female, with a mean age of 50.1 years and a 25% mortality rate. Two of these cases were reported in more detail and describe women with long-standing SLE who had not been diagnosed with NPSLE prior to starting belimumab. Both women were on at least one other immunosuppressive medication at the initiation of belimumab and had received at least 6 consecutive months of belimumab infusions at the onset of PML symptoms. There was evidence of JC virus in the sera of both patients and radiographic evidence supporting PML diagnosis.[@CIT0055],[@CIT0056]Table 2Adverse Events in Adult and Pediatric Lupus Patients on Belimumab TreatmentAdverse Event**Arthralgias**[@CIT0025],[@CIT0026],[@CIT0039],[@CIT0048],[@CIT0053],[@CIT0054]**Headache**[@CIT0025],[@CIT0026],[@CIT0039],[@CIT0047],[@CIT0048],[@CIT0053]**Infusion or injection site reaction/Hypersensitivity**[@CIT0025],[@CIT0026],[@CIT0031],[@CIT0033],[@CIT0034],[@CIT0038],[@CIT0042],[@CIT0046]-[@CIT0048],[@CIT0053],[@CIT0054]**Infectious**[@CIT0025]--[@CIT0028],[@CIT0031],[@CIT0033],[@CIT0038]-[@CIT0040],[@CIT0045]--[@CIT0048],[@CIT0051],[@CIT0052],[@CIT0055]-[@CIT0057],[@CIT0060] Upper respiratory tract infections Cellulitis Pneumonia Urinary tract infections/urosepsis Bacteremia Disseminated cytomegalovirus Viral gastroenteritis CNS tuberculosis Herpes zoster Progressive multifocal leukoencephalopathy**Neuropsychiatric**[@CIT0026],[@CIT0033],[@CIT0034],[@CIT0039],[@CIT0046]-[@CIT0048],[@CIT0053],[@CIT0054],[@CIT0060] Depression Suicidal ideation**Malignancies**[@CIT0022],[@CIT0026],[@CIT0038],[@CIT0039],[@CIT0041],[@CIT0048],[@CIT0053] Solid organ Nonmelanoma skin Hematologic Mammary[^2]

Infusion reactions/hypersensitivity are also frequently reported while on belimumab therapy.[@CIT0025],[@CIT0026],[@CIT0031],[@CIT0033],[@CIT0038],[@CIT0042],[@CIT0046]-[@CIT0048],[@CIT0053],[@CIT0054] Other common non-serious AEs reported include arthralgias[@CIT0025],[@CIT0026],[@CIT0039],[@CIT0048],[@CIT0053],[@CIT0054] and headache.[@CIT0025],[@CIT0026],[@CIT0039],[@CIT0047],[@CIT0048],[@CIT0053] Certain malignancies have also been reported with varying frequency, including solid organ cancers, hematologic malignancies, and skin cancers.[@CIT0026],[@CIT0033],[@CIT0038],[@CIT0039],[@CIT0041],[@CIT0048],[@CIT0053]

Psychiatric symptoms and/or development of NPSLE have also been reported in patients on belimumab therapy, including depression, anxiety, and suicidal ideation/completed suicides.[@CIT0026],[@CIT0033],[@CIT0034],[@CIT0039],[@CIT0046]-[@CIT0048],[@CIT0053],[@CIT0054],[@CIT0061] Depression was reported in 3 of 188 Italian patients, one of which was severe.[@CIT0048] Of 195 patients, we reported 1 patient with severe depression, 1 with worsening depression, and 1 who developed psychosis while on belimumab therapy.[@CIT0046] In the Belimumab Assessment of Safety in SLE study (BASE), there was a higher incidence of depression in the treatment group while on treatment with belimumab, compared to placebo; these numbers were consistent with the incidence seen in other studies.[@CIT0058] Belimumab was discontinued in 2 of 401 patients after 6 months due to the onset of depression in the OBSErve US observational study.[@CIT0045] Thus, it is essential to monitor the mental health status of patients on belimumab, particularly if they have a history of psychiatric disease prior to belimumab treatment.

The AE profile in the SC belimumab trial is similar in comparison to the IV belimumab studies.[@CIT0033] Injection site reactions occurred in 6.1% of patients receiving SC belimumab. Hypersensitivity reactions were not more likely to occur in the treatment cohort in the SC trial. Infections including bacterial sepsis, urosepsis, tuberculosis affecting the central nervous system, and herpes zoster were reported. No serious episodes of depression were reported in the SC belimumab cohort, although 2.7% of patients on SC belimumab experienced depression, and 0.4% of patients reported serious suicidal ideation. In a 6-month extension study of the BLISS-SC trial, 190 out of 662 patients of patients on SC belimumab experienced an infection; 17 of these were considered serious infections. No patients developed malignancies. Depression was reported in 12 out of 662 patients, and suicidal ideation/suicidal behaviors were reported in 2 patients.[@CIT0054]

Safety of Belimumab: Childhood-Onset SLE {#S0008}
========================================

Several types of SAEs were seen in the 39 childhood-onset SLE patients on belimumab therapy in our multicenter, observational study.[@CIT0046] Three patients developed or had worsening of LN. There were also multiple neuropsychiatric SAEs reported in our cohort. One cSLE patient developed seizures while on belimumab, one experienced worsening of her depressive symptoms and developed suicidal ideation, and one developed CNS vasculitis while on belimumab therapy that was confirmed with changes on brain imaging. Thus, caution should be taken when starting a patient with cSLE on belimumab since neuropsychiatric manifestations appear to be more frequent in childhood-onset SLE compared to adult-onset SLE.[@CIT0059] Additionally, children with chronic illness may be more prone to depression and anxiety as a result of frequent doctors' visits, polypharmacy, and feelings of being "different" from their peers during a time of emotional vulnerability. These symptoms of depression are certainly inclusive of young adults with cSLE and should be fully evaluated before deciding to initiate belimumab therapy.[@CIT0060]

In the PLUTO trial, 17% of cSLE patients treated with belimumab and SOC experienced an SAE compared to 35% of patients treated with placebo in addition to SOC. When compared to the adult BLISS trials, there was no difference between treatment cohorts in the number of malignant neoplasms and post-infusion systemic reactions reported.[@CIT0061] Overall, the rate and incidence of AEs were similar in the PLUTO and adult trials. Interestingly, there was a lower incidence of depression and suicide in treatment patients in the PLUTO study when compared to those in the BLISS trials (1.9% of belimumab patients in the PLUTO study experienced depression or suicide), though our real-world experience of 7.6% (described above) would suggest otherwise.

Future Promises {#S0009}
===============

There is much future promise regarding the use of belimumab in the cSLE population. It remains unclear whether belimumab will be beneficial in treating active LN, despite the CALIBRATE trial results. Although we eagerly await the results from the BLISS-LN trial, studies are also underway to determine efficacy in other patients with abnormal kidney function, such as primary membranous nephropathy (NCT 03949855),[@CIT0062] whose results could potentially be extrapolated to patients with active LN.

Targeted therapies for NPSLE are severely lacking, but it remains unclear whether belimumab will be beneficial in the treatment of NPSLE, particularly since worsening depression and suicidal ideation have been reported in patients on treatment with belimumab.

We eagerly await the results of the PLUTO study on the efficacy of belimumab in cSLE. Response in Black cSLE patients will also be of interest, as this patient population comprises a large proportion of patients with cSLE. In addition, Black cSLE patients have been shown to have more severe disease and end-organ involvement than SLE patients of other races.[@CIT0063] Results from the EMBRACE trial in Black adult SLE patients are encouraging as they showed significant improvement in SLE patients with high disease activity on belimumab as compared to those on placebo in addition to SOC therapy.

Moreover, it has been proposed that using a combination of two different B cell-targeted therapies may improve treatment outcomes in SLE. The BLISS-BELIEVE trial (NCT 03312907) is a phase III trial evaluating the efficacy and safety of belimumab in combination with rituximab in adult SLE patients. Preliminary results demonstrate favorable outcomes at the time of writing.[@CIT0064]

Additionally, the successful use of SC belimumab in the adult SLE population may be a predictor of its future successful use in cSLE. This will be of benefit to the pediatric population, with fewer school absences due to monthly infusions, and we look forward to preliminary results from the phase II SC belimumab trial. Finally, it will be of interest to follow all cSLE patients treated with belimumab into adulthood to determine long-term outcomes of belimumab therapy.

Conclusions {#S0010}
===========

Belimumab has been shown to be useful in the treatment of serologically active, refractory SLE and is FDA-approved for use in SLE patients 5 years of age and older. Preliminary reports on both its efficacy and safety in the pediatric population are positive; however, its usefulness as a corticosteroid-sparing immunosuppressive agent in SLE patients with severe, active LN and/or active NPSLE remains unknown. This may limit its use in cSLE patients, as a large proportion of cSLE patients have renal and/or neuropsychiatric involvement. Belimumab may be most beneficial in cases of cSLE with seropositive, moderately active disease in which corticosteroids cannot be tapered or that are refractory to other immunosuppressive agents. We look forward to the results of the PLUTO study to further delineate long-term efficacy and safety, in addition to recommendations for the use of belimumab in the cSLE population.
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[^1]: **Abbreviations:** BLISS, A Study of belimumab in Subjects with Systemic Lupus Erythematosus (SLE); BLISS SC, A Study of belimumab Administered Subcutaneously in Subjects With Systemic Lupus Erythematosus (SLE); PLUTO, Pediatric Lupus Trial of belimumab Plus Background Standard Therapy; NPSLE, neuropsychiatric lupus; SOC, standard of care treatment; SRI, SLE responder index; IV, intravenous; SC, subcutaneous; OR, odds ratio; HR, hazard ratio.

[^2]: **Abbreviation:** CNS, central nervous system.
